Introduction
Without any action potential on the lower motor nerve a muscle never contracts. The result is muscle atrophy and in long term a degeneration of the muscle tissue. After about a decade no contractile elements are left, only connective tissue and fat [1] . Spinal cord injured (SCI) people with a lower motor neuron lesion are subject to muscle degeneration. A SCI at the level of Th12 and L1 often result in a complete flaccid paralysis of the muscle of the thigh. To stop the degeneration or even built up volume and force of the muscles they can be treated with electrical stimulation [1, 2] . Since there is no lower motor neuron the muscle fibres have to be stimulated directly demanding electrical pulses of two order of magnitude higher energy as those for nerve stimulation [1] . To achieve muscle growth stimulation treatment has to be made several times a week for from minutes up to more than an hour. Three subjects with flaccid paralysis where treated with electrical stimulation for six years. They all have SCI at Th12 to L1 level. A protocol developed in an EU funded project RISE (QLG5-CT-2001-02191) was used [1] . The quadriceps muscle group of both legs was stimulated five days a week for up to two hours. The goal was to regain volume and force of the muscle group. A final goal was to enable the SCI subjects to stand up and stand in a balance aid like parallel bars. The therapy was done home based. The subjects where instructed to stimulate five days a week and in total it would take them around two hours to do the therapy including handling of equipment and useable. Therapy compliance of the three subjects, P1, P2 and P3 was varying. P1 was very compliant the first two years but then not anymore. P2 started to be compliant after two years and stayed until the end of the project time. He had considerable increase of muscle tissue. Volume, density and force of his rectus femoris muscle increased. The increase in volume and shape changes can be seen in Fig 1. The third, P3, was not compliant due to decubitus ulcers and other complications. During the treatment time subjects were monitored in a neurological, functional way and with spiral CT imaging [2, 3, 4] . The spiral CT gives a complete description of the tissue in the thigh in terms of volume, tissue density and shape of the muscles. The rectus femoris muscle was segmented and a three dimensional (3D) computer model constructed. This was then used to track the tissue changes as therapy progressed [2, 3] . After the project period the patient have not been stimulating or only very sporadically. This means that the thigh muscles have been without stimulation for three years and results show degenerating in that period. In this work the three subjects are accessed again to monitor their thigh muscles. As no or almost no treatment was done in the last three to four years further degenerated muscles where expected and that is also the result. But unexpectedly the observation is made that a muscle belly formed by the stimulation treatment is still present and a thin quadriceps still reacts on electrical stimulation.
Methods
The purpose of calling the three subject to the hospital was to assess their general health and to monitor the thigh muscles. A doctors interview (anamnesis), electrical stimulation and a spiral CT is made. In the interview the condition of the skin and the appearance of the thigh is evaluated. By the stimulation the reaction of the muscles is registered. Long pulses are used to make sure that all stimulate able muscle fibres are depolarised and the mechanical response of the muscle detected. The muscle rectus femoris is segmented from the CT data and its volume and shape evaluated and density measured.
Results
Results are shown in Fig. 1, and Fig. 2 . Stimulation of quadriceps muscle did not result in any detectable movement in P2 and P3 but in P3 the lower leg moved 5 degrees from 90 degrees in a sitting position. This means that the non-therapy conform P1 still has contractile elements in his muscle whereas P2 and P3 do not.
The segmented rectus femoris muscle of P2 is compared to itself and a reference muscle in Fig. 1 . In comparison to the reference muscle the severe atrophy is obvious. In Fig. 1 the development of the muscle can be seen in the three images to the left. From left to right, its situation at the beginning of electrical stimulation, then after four years of electrical stimulation and finally after further three years of no stimulation on white background. Also the density reduced. Average densities are shown in the text of Fig. 2 . 
Discussion
The increase in volume and density as a result of electrical stimulation occurs in the muscle fibres that are stimulated. In a bipenad muscle as the rectus femoris this means that it can grow on one location but not in another. This can well be seen in Fig. 1 . The increase in volume is only in the middle of the muscle. Towards the upper end there the muscle has not grown meaning that there are fibres that have not been stimulated. This correlates with the location of the electrodes used for the treatment and possible current path between anode and cathode. The lower end is mostly tendon and does not respond to electrical stimulation therapy. The increase in volume is mostly lost in three years of no treatment but the shape remained in one muscle, that is a belly in the middle. Density values on the other hand show a severe decrease in contractile tissue. All the muscles are losing their ability to contract and only one of the three subjects still has muscles that respond to electrical stimulation with a detectable movement. In summary this work demonstrates that denervated muscles need to be electrically stimulated regularly in order to retain their volume and density.
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